We use network centrality measures to capture the trade partner diversification (TPD) of countries as revealed by their position in the international trade network. These measures are shown to enter long-run growth regressions positively and significantly, on top of trade openness and other control variables. Historical evidence based on threshold analyses shows that countries can use their trade networks to compensate for their low levels of financial depth, high levels of inflation, and low levels of human capital. This result is important especially for developing economies where, on average, financial depth is low, inflation is high, and human capital is low. Therefore, globalization of international trade is important as far as gaining access into better trade networks through multilateral free trade agreements is rather essential for developing countries.
Introduction
Trade openness can support growth through providing access to large markets, lowcost intermediate inputs and higher technologies. Empirical analyses of Frankel and Romer (1999) and Wacziang and Welch (2008) provide evidence for a robust, statistically significant, and positive effect of international trade on growth. However, after controlling for the degree of trade openness, does it matter with which countries trade is achieved, i.e. is it important how a country is positioned within the international trade network? This is an important question from an uncertainty perspective that is highly considered in the international business cycle literature, because the structure of a country's connectivity to the rest of the world may help to hedge against the lack of development under alternative macroeconomic conditions. We use centrality measures to define a country's position in the international trade network, which we refer to as Trade Partner Diversification (TPD) in this paper.
Importance of the level of TPD possessed by a country is three-fold: first, TPD may be a substitute for financial development by hedging, diversifying and pooling risk arising from exchange rate risk (due to business uncertainties and disturbances in planning), because exchange rate risk is distributed among trading partners when countries have higher TPD. 1 Accordingly, in the absence of financial development, for example, having an exchange rate crisis in one of the trading partners would have a fewer impact on growth when TPD is higher.
Second, TPD can compensate for high levels of inflation which often correspond to variable inflation as well. In particular, high inflation may create considerable uncertainty about future prices, interest rates, and exchange rates, which, in turn, increases the overall risk of business among potential trade partners due to the possibility of a devaluation and vulnerability to speculative attacks. 2 However, having a higher degree of TPD would again distribute such risks among trading partners; e.g., the possibility of a bilateral depreciation (with respect to one currency) is much higher than the pos-1 Bailliu et al. (2003) have shown that exchange rate risk is reduced when exports are diversified across markets. See Levine (1997) for the connection between finance and trade. See Koren (2003) for the relation between hedging instruments and the cost of exchange rate uncertainty incurred by exporters.
2 See Rousseau and Wachtel (2002) for a discussion on the channels through which inflation may negatively affect growth. sibility of a multilateral depreciation (with respect to a basket of currencies consisting of the currencies of the trade partners).
Third, TPD can compensate for increasing international shocks due to having higher degrees of trade openness. 3 For example, as shown by Svaleryd and Vlachos (2002) , increasing international fluctuations due to higher degrees of trade openness require better diversification of risk, which may well be achieved by TPD.
In the context of long-run growth, this paper investigates how TPD can be used for hedging, diversifying and pooling risk among trading partners. Using a cross-country panel data set between 1965 and 2004 for 83 countries, we first analyze whether TPD has any role in explaining long-run growth, given the degree of trade openness together with other control variables. Such an investigation requires a measure for TPD, for which, we consider three alternative definitions, all obtained by using bilateral trade data across countries. In order to consider the effects of trade policies (rather than the volume of trade), consistent with Wei (2000) , we measure trade openness as "residual openness" that is obtained as the residuals of a regression in which exports plus imports over GDP are regressed on per capita income, country fixed effects, and time fixed effects.
The baseline regression analysis, which is robust to the endogeneity concerns, shows that TPD enters long-run growth equations positively and significantly, on top of the control variables including financial system (measured by financial depth), price stability (measured by inflation), human capital (measured by secondary education level), government size (measured by the government expenditure as a percentage of GDP), per capita income level and trade openness (measured by residual openness). Therefore, on average across all countries in the sample, there is a positive role of TPD on the long-run growth. This result is in favor of multilateral free trade agreements (MF-TAs) rather than regional free trade agreements, where having MFTAs would improve the trade network of countries and thus increase their measures of TPD considered in this paper.
We also take into account the fact that countries having different macroeconomic conditions may get affected asymmetrically by their measures of TPD regarding their long-run growth. Accordingly, we continue with a threshold investigation for which we consider alternative sets of countries distinguished with respect to their financial system (measured by financial depth), price stability ( as its income grows. 4 Therefore, the analysis in this paper captures the effects of country-specific shocks on growth, while the analyses in the existing literature capture the effects of industry/good-specific shocks on growth. However, as shown by Costello (1993) and Karadimitropoulou and Len-Ledesma (2013) from a business cycle perspective through variance decomposition analyses, fluctuations are dominated by country-specific shocks rather than industry/good-specific shocks. Hence, the existing literature has missed an important transmission mechanism of global shocks to country-specific growth rates; this paper bridges this gap by focusing on trade partner diversification.
The rest of the paper is organized as follows. The next section introduces measures of TPD. Section 3 introduces the trade data set and achieves descriptive statistics based on TPD. Section 4 introduces the growth data set and employs long-run growth regressions, and the last section concludes.
Measuring Trade Partner Diversification (TPD)
In this section we explain how the TPD is obtained, we discuss its various aspects and provide interpretations with help of a simple example. The collection of bilateral trade links between countries yields the basic structure of the international trade.
Connections between pairs of countries in the international trade network at time t are captured by the adjacency matrix A(t) where
1, if there is export of goods from country i to country j 0, if there is no export of goods from country i to country j
Since the direction of export flows is important, A need not be symmetric, i.e. a ij = 1 does not necessarily imply a ji = 1.
A country's TPD is captured by network centrality measures assessing its position in the international trade network. For this end we employ three centrality measures, namely export degree, export closeness, and eigenvector centrality.
Suppose there are n countries at time t in the international trade network. Fraction of country i's existing export links to the total number of countries (excluding itself)
is the export degree of country i, and we denote it by ED(t) i such that:
Export degree takes on values from zero to one: ED(t) i = 1, if country i is exporting to every possible country in the international trade network at time t, and ED(t) i = 0, if country i does not export anywhere.
Distance between any two countries i and j in the international trade network is the geodesic distance measured by the length of the shortest path connecting the two countries: if country i is exporting to country j, then the distance from i to j is one.
If country i does not export to country h, but it exports to country j, and country j exports to country h, then the distance from country i to country h is two. If countries i and j are not connected by any collection of edges, then the distance is assumed to be infinite, but it remains a practical issue as to how big "infinity" should be. For our empirical analysis we take the infinite distance to be equvalent of a geodesic of 10. It is important to note that distances may change over time as new export links get established. All such bilateral distances in the international trade network at time t are collected in the distance matrix D(t) where an element D(t) i j is the distance from country i to country j following export links in the international trade network.
Export closeness of country i at time t is calculated by
and it takes on values from zero to one, increasing as a country gets closer to the rest of the world. Export closeness adds valuable information on top of what we already know from the export degree of a country: not only do we care whether there is direct trade between country i and the rest of the world, we also care for the network distance from country i to countries that are no direct trade partners of it.
Thus the export closeness of country i captures existing as well as potential export drive of country i and takes into account how well country i's trading partners perform in the export market. Suppose two countries i and j are only exporting to countries k and l, respectively, but k exports to all countries and l does not export anywhere.
Hence country i has a distance of 1 from one country and 2 from all other countries, whereas country j has a distance of 1 from one country and infinity from all other countries. Although both countries score the same in terms of export degree, ED(t) i = ED(t) j = 1, they don't have the same score for export closeness: EC(t) j turns out to be very close to zero and EC(t) i > EC(t) j . Thus export closeness gives a country credit for having access to the export market of a country that itself has access to other export markets which the former country does not have.
The third measure we employ in our analysis is the eigenvector centrality of coun-tries in the international trade network, as proposed by Bonacich (1987) . Eigenvector centrality captures the idea that centrality of a country must be proportional to the centrality of countries where it exports to. This is also refered to as the prestige or influence (Newman, 2010). Technically, the eigenvector centrality is inversely related to the leading eigenvector of the adjacency matrix of the international trade network.
According to this measure, not only the total number of direct links is important due to this measure, but also the prestige of those links is important: for high eigenvector centrality, a country should be connected to countries that are also well connected and thus have prestige.
Next we provide a simple example for the international trade network where we apply these four network measures and discuss what they capture. We further show how these measures evolve as new trade links are established. Suppose the world consists of eight countries, and exports flow between these countries as depicted in figure 1.
Direction of an arrow from one country to another shows the direction of export flow between these countries: e.g. country 1 is exporting to countries 3 and 4, but country 1 imports only from country 4. There are two blocks that are not interconnected: countries 1 to 5 make up one block, and countries 6, 7, and 8 make up the other one. Distance between these two blocks is thus infinite 5 . We calculate our Trade Partner Diversification (TPD) measures for these eight countries and present the results in Table 1 .
Export degree captures overall export market access of a country: country 4 exports to 43% of all countries, while country 8 is not exporting anywhere. Countries 1, 5, and 7 have the same export degree, but according to the export closeness, country 7 is further away from the rest of the world than countries 1 and 5. This follows from the positioning of country 7: it exports to countries which are not connected to any other country besides country 7.
Eigenvector centrality is increasing in a country's export degree and the connectivity of countries that import from that country. Countries 2 and 3 have identical export degree and very close export closeness. When it comes to the eigenvector centrality, country 2 has a better measure, which reveals that countries that import from country 2 are themselves exporting to either a lot of countries or key exporters. Although countries 1 and 5 have the same export degree and closeness, country 5 is a more important player in the international trade network than country 1 according to the eigenvector centrality measure. Countries 6, 7, and 8 have zero eigenvector centrality, because they are not connected to any important exporter.
Next we illustrate how new export links change our TPD measures. Suppose that country 2 starts exporting to country 8, and after a while country 8 starts exporting to country 2. These new export links are depicted in figure 2 in panels (a) and (b), respectively. Table 2 lists our revised TPD measures for each country based on their position in the international trade network. Each measure has two columns (a) and (b), corresponding to networks depicted in figure 2's panels (a) and (b), respectively. When country 2 starts exporting to country 8, this directly affects the export degree of country 2. Moreover, closeness of most countries is being affected positively. It is worth mentioning that the new export link does not affect the eigenvector measure of any country. This is simply because the exporter, country 2 in this case, is not getting any prestige from exporting to country 8, because country 8 itself has no prestige.
When country 8 starts exporting to country 2, this leads to several curious changes in eigenvector centralities: country 2's import demand generates prestige for country 8. Since country 8 now has prestige, i.e. non-zero eigenvector centrality, this also leads to non-zero eigenvector centralities for countries 6 and 7. Thus as new export links are being established over time, eigenvector centrality is very sensitive to the case that a low prestige country starts exporting, especially to a prestigious country. Trade network measures for Brazil reveal an even more interesting story: Brazil's export markets made up 40% of countries that were actively trading in 1965, and in 2004 Brazil's exports reached about 90% of countries. Although the trend of the degree centrality measure is increasing and thus similar to that of the US in that respect, its relative change from 40% to more than 90% is impressing. The increase in 7 See De Benedictis and Tajoli (2011) for a recent and detailed description of the international trade network with implications on trade structure. Also see Serrano and Boguña (2003) for the analysis of complex network properties observed in the international trade network.
Trade Data and International Trade Networks
Brazil's eigenvector centrality during 1960s and 70s show that Brazil gained access to prestigious markets in these years.
Export market access of Israeli goods has experieced a downward trend from 1970 until late 1980s, as revealed by the degree centrality. During the same period, eigenvector centrality for Israel has been decreasing as well. The decrease in the eigenvector centrality turned out to be strong, because the downward trend is fed by two factors at the same time: first, world trade network is getting more dense over time and this creates a downward pressure on a country's eigenvector centrality even if a country keeps its share of access to world's export markets from previous periods. Second, even if the world trade network remained stable except for one country that loses its existing export links, this country is bound to lose its prestige as captured by the eigenvector centrality. In the Israeli case, the world trade network grows more dense (most countries establish new export links and their degree increases) and Israel loses in degree centrality, thus the two forces mentioned above work in the same direction and lead to an even stronger decrease in its eigenvector centrality.
Growth Data and Baseline Growth Regressions
The data set has been constructed for 83 countries covering the period 1965-2004 as a panel of country observations from the World Banks World Development Indicators and International Monetary Fund's Direction of Trade CD-ROM. The list of countries is the same as the one that we have for the trade data, which can be found in the note under Table 3 .
Following Barro (1991) and Levine and Renelt (1992) , the baseline growth equations includes a standard set of explanatory variables that provide robust and widely accepted proxies for growth determinants. The dependent variable is the growth rate of real per capita output averaged over 5-year periods from 1965 to 2004. On top of TPD measures that are new in this paper, the baseline regression analysis includes standard explanatory variables, such as log initial per capita GDP, log initial secondary enrollment rate (SEC), the ratio of liquid liabilities (i.e., M3) to GDP, inflation rate, trade openness, and government size. In order to consider the effects of trade policies (rather than the volume of trade), consistent with Wei (2000) , we measure trade openness as "residual openness" that is obtained as the residuals of a regression in which exports plus imports over GDP are regressed on per capita income, country fixed effects, and time fixed effects. 8 Estimation is achieved by Two-Stage Least Squares (TSLS) with initial values of the corresponding variables used as instruments in the first stage for each 5-year period. Time fixed effects for 5-year periods have been included to control for shocks with common growth effects across the countries. For robustness, country fixed effects are also considered in order to capture any country-specific characteristics that are constant over time, such as their geographical location or historical experience/institutions.
The corresponding descriptive statistics are given in Table 3 . As is evident, TPD measures are positively correlated with per capita income growth and with each other; however, they are not correlated (either negatively or positively) with trade openness.
In other words, TPD measures are expected to have significant effects on long-run growth on top of the trade openness measure which is also positively correlated with per capita income growth. For sure, these are just descriptive statistics; we need something formal in order to show the effects of TPD measures econometrically. Accordingly, the regression results are given in Table 4 where we have excluded country fixed effects as the benchmark case. As is evident, all TPD measures are positive and significant at 1% level, with or without trade openness measure included in the regressions. All other control variables have their expected signs, although inflation is the only variable that is insignificant at any considered level. When country fixed effects are also included for robustness, the results in Table 4 are replaced with the results in Table 5 It is important to recall that a country's export degree changes only via direct export links, whereas a country's export closeness and eigenvector centrality change either via direct export links or when countries importing from this initial country establish new export links. Hence an important policy implication follows: multilateral rather than bilateral (or regional) free trade agreements should be preferred for higher long-run growth rates, because two out of three measures of TPD that is considered in this paper would be affected positively for a country when new export links are established by its export partners, even if this country itself does not establish new export links.
Export closeness and eigenvector centrality increase even further when a country and its current partners establish new links at the same time. This benefit structure further implies that multilateral trade negotiations may be able to reach more efficient outcomes compared to bilateral negotiations due to positive externalities of new export links as they are captured by export closeness and eigenvector centrality.
Since countries having alternative macroeconomic conditions may get affected differently, we also consider thresholds in our right hand side variables in the growth regressions. Following Yilmazkuday (2011) Figures 6 to 8 , the positive effects of TPD on growth are more evident when financial development is lower, inflation is higher, human capital is lower, and trade openness is higher. Nevertheless, in Figures 9 to 11, such effects are relatively stable across alternative levels of trade openness, government size and log-initial GDP. Therefore, countries can use their trade networks (measured by TPDs in this paper) to compensate for their low levels of financial depth, high levels of inflation, and low levels of human capital. This result is important especially for developing economies where financial depth is low, inflation is high, and human capital is low; for instance, such countries could grow faster by getting involved into better trade networks through multilateral (rather than regional) free trade agreements.
Conclusion
International business cycles are shown to be dominated by country-specific shocks.
Therefore, the trade network with which international trade is achieved (i.e., the vari- Using threshold analyses, it is also shown that countries can use their trade networks to compensate for their low levels of financial depth, high levels of inflation, and low levels of human capital. This result is important especially for developing economies where, on average, financial depth is low, inflation is high, and human capital is low. Therefore, getting involved into better and wider trade networks through multilateral (rather than bilateral or regional) free trade agreements, hence globalization of international trade, is more important, especially for developing countries. 
